. Several countries of the northern and southern hemispheres that experienced pandemic Influenza A/H1N1 2009 have reported the clinical features and disease course of critically ill patients [4] [5] [6] [7] . However, there is little information Original Article available on Korean patients who were critically ill with pandemic Influenza A/H1N1 2009.
Here, we describe the characteristics, clinical features, treatments, and outcomes of Korean patients who were critically ill with pandemic Influenza A/H1N1 2009. We expect that this information may be helpful in the establishment of public health policies, identification of critically ill patients, and for comparisons with other geographical regions and races.
Materials and Methods
We retrospectively reviewed the records of all patients with confirmed pandemic Influenza A/H1N1 2009 related critical illnesses from August 26 to December 31, 2009 who were treated at the Asan Medical Center (AMC), a 2,800-bed, tertiary referral hospital in Seoul, Korea. This study was approved by the Institutional Review Board. Informed consent was not necessary because this was not an interventional study.
All eligible patients were aged at least 15 years, were critically ill, and were admitted to our hospital with confirmed pandemic Influenza A/H1N1 2009. Confirmation was determined by a positive result from a probe-based reverse-transcriptase polymerase-chain-reaction (RT-PCR) for 2009 H1N1 virus from a nasopharyngeal swab or broncho-alveolar lavage (BAL). Critically ill patients were defined as those who 1) were admitted to the ICU or required mechanical ventilation (invasive or noninvasive); 2) had a ratio of partial pressure of oxygen in arterial blood (PaO 2 ) to inspired fraction of oxygen (FIO 2 ) less than 300 mm Hg; or 3) required intravenous infusion of an inotropic or vasopressor medication.
We reviewed the medical records and recorded the following data: dates of admission to the hospital and ICU, age, sex, weight and height (for calculation of body mass index [BMI]), date of first symptoms, presence and type of influenza syndrome, laboratory data, radiographic findings, and comorbidities. Severity of illness was assessed using the acute physiology and chronic health evaluation (APACHE) II and the sequential organ failure assessment (SOFA) scores on the day of admission. 
Statistical analysis

Results
Characteristics of study patients
At the AMC, the first critically ill patient with pandemic Influenza A/H1N1 2009 was identified on August 26, 2009. Subsequently, there were 3 cases in September, 5 in October, 12 in November, and 6 in December. Median patient age was 59 years and 70.4% of patients were male. Table 1 shows additional characteristics of the 27 study patients. Three cases were due to nosocomial transmission, none of these patients were healthcare workers. At initial presentation, the median (IQR) APACHE II score was 17.0 (11.5∼24.0). Twenty-two (81.5%) patients had two or more comorbidities. The median number of comorbid conditions was 2 (IQR, 1 ∼3). The most common comorbidities were smoking (44.4%), malignancy (40.7%), chronic lung disease (25.9%), hypertension (25.9%), and diabetes (22.2%). The median BMI (IQR) was 23.3 (20.3∼24.8), and 3 patients (11.1%) were obese (BMI ＞30). None of our patients were pregnant. The most common presenting symptoms were respiratory symptoms such as cough (81.5%), sputum production (63.0%), shortness of breath (70.4%), and fever (77.8%). Leukocytosis was present in 44.4% of patients and lymphopenia was present in 81.5% of patients (Table 2 ). Based on chest radiography at presentation, 20 patients (74.1%) had bi- lateral infiltrates.
Course of illness and treatments
The median time (IQR) from symptom onset to presentation was 2 days (1∼4) and the median time from presentation to ICU admission was 0 days (0∼1.5). Most patients (66.7%) had acute respiratory distress syndrome or viral pneumonia, and two patients (7.4%) were diagnosed with concurrent bacterial pneumonia at presentation (one due to Staphylococcus aureus, one due to Streptococcus pneumoniae). Other concomitant conditions included exacerbation of asthma or chronic obstructive pulmonary disease (14.8%), congestive heart failure (7.4%), and ischemic chest pain (3.7%).
All patients received oseltamivir (300 mg/day) and 13 patients received a triple combination regimen (oseltamivir, amantadine, ribavirin) ( Table 3 ). About half of the patients were given antiviral therapy within 48 hours of symptom onset. The other medical treatments included antibiotics (26 patients, 96.3%), corticosteroids (12 patients, 44.4%), and diuretics (12 patients, 44.4%). Inotropes or vasopressors were given to 7 patients (25.9%) on the day of presentation. Twelve patients (44.4%) required mechanical ventilation on the first day of ICU admission, 9 (33.4%) of these procedures were invasive and 3 (11.1%) were noninvasive. Two of the three patients who received noninvasive ventilation ultimately required invasive ventilation. Rescue therapies for oxygenation failure required neuromuscular blockade in nine patients (33.3%), inhaled nitric oxide in four patients (14.8%), prone positioning ventilation in four patients (14.8%), and extracorporeal membrane oxygenation in two patients (7.4%). Barotrauma occurred in two patients during mechanical ventilation. Hospital-acquired pneumonia or ventilator-associated pneumonia developed in five patients during the course of treatment (two from methicillin-resistant Staphylococcus aureus, two from carbapenem-resistant Acinetobacter baumannii, and one from Klebsiella pneumonia).
Outcomes
Among our 27 patients, 6 died, 19 recovered and were discharged from the hospital within 24 days, and 2 remained in the hospital more than 60 days. Of the six patients who died, two patients died within the first 14 days of onset of critical disease and all six died within 28 days from critical disease onset (Table 4 ). The median (IQR) length of ICU stay was 5 days (3∼8) for all patients, 5 days (3∼7) for survivors and 19.5 days (7∼20.8) for non-survivors. The median (IQR) duration of ventilation was 9 days (3∼21) for all patients, 4.5 days (2.5∼8) for survivors and 20 days (19∼21) for non-survivors. The median (IQR) length of hospitalization among all cases was 7.5 days (5∼20).
Five of the six patients who died were more than 51 years old (Figure 1 ). Four of these six patients had malignancies and the other two were chronic alcohol abusers. Two of the three patients who were infected by nosocomial transmission died.
Comparison of survivors and non-survivors
Patients who died had significantly higher APACHE II and SOFA scores at presentation (Table 5 ). There were no significant differences in age, sex, comorbidities, and antiviral regimens between survivors and non-survivors. Most non-survivors began treatment with antiviral agents at 48 hours or longer from symptom onset, but this was not significantly different from that for survivors (p=0.077).
Discussion
In our study population, we found that critical illness related to pandemic Influenza A/H1N1 2009 was most common in elderly patients with multiple comorbidities, and that mortality was greater in elderly patients. In our patients, chronic lung disease and malignancy (solid cancer or hematologic malignancy) were common comorbidities, but, in contrast to other studies 4, 5, 7 , obesity was rare, and none of our patients was pregnant. Although there was not a statistically significant difference in the time from symptom onset to initiation of antiviral agents between survivors and non-survivors, most non-survivors began antiviral agents more than 48 hours after symptom onset. All patients were given high-dose oseltamivir or triple combination therapy, and there was no significant difference in survival rate between these two treatment groups.
Several early reports indicated that critical illnesses related to pandemic Influenza A/H1N1 2009 were more common in young patients than is typically observed for seasonal influenza 4, 5, 7, 8 . This may be because elderly patients are more likely to have cross-reactive antibodies to 2009 H1N1 due to their exposure to a related 1957 influenza virus 9 . According to a previous epidemiologic report, most deaths associated with pandemic Influenza A/H1N1 2009 (51%) were middle-aged patients (age, 20 ∼49 years) 10 . However, in our Korean population, patients older than 51 years were more likely to die and more likely to be admitted to an ICU. In a global survey of 2009 H1N1 mortality, Vaillant et al. 10 reported that 12% of deaths were in patients aged at least 60 years, but that 36% of reported deaths in Canada and 28% of reported deaths in Australia were in patients aged at least 60 years. Additionally, a pandemic Influenza A/H1N1 2009 study by Louie et al. 6 reported that persons aged at least 50 years in California had the highest mortality rates once hospitalized. Thus, the pandemic Influenza A/H1N1 2009 mortality rate seems to depend on geography and/or race. Pandemic Influenza A/H1N1 2009 is associated with many of the same comorbidities as seasonal influenza, in addition to obesity and pregnancy [4] [5] [6] [7] 10 . In this study, more than 80% of our patients had a comorbidity such as malignancy (solid cancer or and hematologic malignancy) and chronic lung disease. The high incidence of malignancy among our patients may be explained by the fact that this study was conducted at a tertiary referral hospital. Patients with malignant diseases are immunocompromised, and death from influenza-related infections has been reported to be more common in cancer patients 11 . However, in contrast to other populations, only 11% of our patients were obese. This is presumably related to the low rate of obesity in Korea. A recent report indicated that Korea has the lowest obesity rate (3.5%) among all OECD nations 12 . None of our patients was pregnant and there has been only one reported case of pandemic Influenza A/H1N1 2009 associated mortality in a pregnant woman in Korea 3 . In this study, the time from symptom onset to hospitalization was less than in most previous reports. However, only half of our patients received antiviral agents within 48 hours of symptom onset. There was no statistical difference in the time from symptom onset to initiation of antiviral agent between survivors and non-survivors (2 days vs. 4.5 days, respectively), but non-survivors tended to receive treatment for longer after symptom onset. Moreover, only one of the six patients who died received an antiviral agent within 48 hours of symptom onset. Recent reports of Canadian and Taiwanese patients showed that severe pandemic Influenza A/H1N1 2009 that required admission to the ICU was associated with a longer time from symptom onset to initiation of antiviral therapy 13, 14 . Zarychanski et al. 14 reported that the median time from symptom onset to initiation of antiviral therapy was 2 days for patients with community-acquired disease, 4 days for patients admitted to hospital, and 6 days for those admitted to an ICU. Moreover, delayed administration of antiviral agent (s) was the strongest predictor of respiratory failure and death in those studies 13, 14 . Some reports have indicated that high-dose oseltamivir (300 mg/day) may be more effective for H5N1 (avian influenza) patients with severe pulmonary disease 15 . Nguyen et al. 16 reported that the drugs in the triple combination treatment (oseltamivir, amantadine, ribavirin) acted synergistically against influenza A virus. In particular, they found that the triple combination therapy had 2-fold to 13-fold greater potency (depending on the influenza virus subtype) than any double combination. At present, there are insufficient clinical data on the efficacy of high-dose oseltamivir or triple combination regimens in treatment of pandemic Influenza A/H1N1 2009. Our pandemic Influenza A/H1N1 2009 patients received high-dose oseltamivir or triple combination therapy, and there was no difference in antiviral regimens between survivors and non-survivors. However, this study was limited in direct comparisons between the single regi-men and triple regimen because the follow-up RT-PCR data were insufficient and more severely ill patients were more likely to receive the triple regimen rather than the single regimen. In Taiwan, some patients received oseltamivir at a dose of 150 mg twice-daily, but oseltamivir dosage was not significantly associated with death 13 . We suggest that future research assesses the effects of different treatment regimens for pandemic Influenza A/H1N1 2009. This study has several limitations. First, the retrospective design could have led to selection bias. Second, we could have missed certain relevant patient data, such as history of vaccination. Third, this study was conducted at a single institution and only included patients who were aged at least 15 years. Thus, it is possible that we underestimated the number of young and healthy patients infected with pandemic Influenza A/H1N1 2009.
In our Korean population, elderly patients with chronic comorbidities, especially malignancy or chronic lung disease, were more likely to have a critical illness related to pandemic Influenza A/H1N1 2009 infection and were more likely to die from this infection. In contrast to other study populations, obesity and pregnancy were unrelated to pandemic Influenza A/H1N1 2009 infection or mortality. All of our patients received highdose oseltamivir or triple combination antiviral regimen after hospital admission. Nonetheless, respiratory failure progressed rapidly in some patients, necessitating prolonged mechanical ventilation and/or frequent use of rescue therapies. In our population, patients with critical illnesses associated with pandemic Influenza A/H1N1 2009 had a death rate of 22.2%.
